Past studies of compact active galactic nuclei (AGNs), the dominant population at high radio frequencies, selected them using flat spectral index criteria. This biases the sample due to the steepening of AGN spectra at high radio frequencies. We improve upon this by selecting 3610 compact AGNs using their angular size information (∼0.15 arcsec scale) from the Australia Telescope 20 GHz (AT20G) high-angular-resolution catalogue. We cross-match these against the Wide-field Infrared Survey Explorer All-WISE catalogue and present a catalogue with 3300 (91%) matches, 91 (3%) rejects and 219 (6%) nondetections that are excellent high redshift candidates. Of the matched compact AGNs, 92% exhibit QSO mid-infrared colours (W1-W2>0.5). Therefore, our sample of high frequency compact sources has a very high rate of identification with mid-infrared QSOs. We find counterparts for 88% of 387 compact steep-spectrum (CSS) sources in the AT20G survey, 82%±5% of which exhibit QSO mid-infrared colours and have moderate redshifts (z median =0.82), while those dominated by host galaxy colours in mid-infrared have lower redshifts (z median =0.13). The latter classified into late-and early-type galaxies using their mid-infrared colours shows a majority (68%±4%) have colours characteristic of late-type galaxies. Thus, we find that a larger fraction of these CSS sources are embedded in hosts with higher gas densities than average early-type galaxies. We compare mid-infrared colours of our AGNs against those reported for AGNs primarily selected using non-radio techniques. This shows that mid-infrared SED of high frequency selected compact radio AGN is comparatively less red, possibly due to contributions from their hosts.
INTRODUCTION
At frequencies above a gigahertz, the extragalactic radio source population is increasingly dominated by objects from a flat spectrum population as expected for a high frequency sample (de Zotti et al. 2005; Massardi et al. 2011a; . The flat-spectrum FR 0 (Baldi et al. 2015) pop-E-mail: rzn.chhetri@gmail.com ulation comprises the compact (at sub-arcsecond angular scales) radio sources with radio emission from the vicinity (∼ kiloparsec scales) of supermassive black holes at the centers of galaxies. The population includes a mixture of relativistically beamed multiple synchrotron absorbed components (Kellermann & Pauliny-Toth 1969) and the young compact GHz peaked spectrum sources (O'Dea 1998) .
Since there are insufficient angular size measurements to identify such compact sources in large numbers from cur-rent surveys, the classifications of sources in this population have traditionally been made on the basis of source spectral index (e.g. Wall 1977) . A flat spectral index has been used to select compact active galactic nuclei (AGNs) and a steep spectral index to select the extended radio galaxies (both Fanaroff-Riley class I and II (FR I, FR II respectively, Fanaroff & Riley 1974 ) extended sources). There is, however, an important complication in this approach to select clean samples of AGNs. The spectra of compact AGNs also steepens at rest frame frequencies 30 GHz (Massardi et al. 2011b; Chhetri et al. 2012) . Thus, the radio spectra of compact AGNs can appear steep at lower observed frequencies due to the effects of redshift and this will introduce a redshift bias in a spectral index selected sample. For example, AGNs at redshift above 0.5 start to show steepening of their spectra below 20 GHz, and 6.7%±0.5% of flatspectrum sources at 20 GHz fall out of the flat-spectrum criteria by 5 GHz (related discussions are in ). An approach based on angular sizes to select compact AGNs, therefore, is more desirable. This is made possible for a very wide area survey by the Australia Telescope 20 GHz (AT20G) high-angular-resolution catalogue , which covers the entire Southen hemisphere. The catalogue, based on the AT20G survey (Murphy et al. 2010) , was made at high radio frequencies of 20 GHz and identifies compact objects at ∼0.15 arcsecond angular size scales, enabling studies of source population of compact AGNs from a large-area survey.
For the compact AGN sample we also have an important practical advantage since unambiguous identification at different wavelengths is possible. This is much more difficult for the extended radio sources which are often much larger than their host galaxies. With this objective in mind we have made a cross-match of radio-selected compact AGNs with the Wide-field Infrared Survey Explorer (WISE) catalogue (Wright et al. 2010) . The WISE catalogue of celestial sources with mid-infrared (MIR) emission has been used widely to classify source populations and to gain insights into their nature. For example, the colours in the WISE observing bands of 4.6 and 12 microns have been used to make a distinction between populations of elliptical and spiral galaxies (e.g., Wright et al. 2010; Sadler et al. 2014; Jarrett et al. 2017 ), while colours from 3.4 and 4.6 (and 12) microns have been used to separate AGNs from galaxies (e.g. Jarrett et al. 2011; Stern et al. 2012; Mateos et al. 2012; Satyapal et al. 2014; Hickox et al. 2017) . In this work, we present the identifications of MIR counterparts of compact radio AGNs selected from a high radio frequency catalogue, and an investigation of their MIR properties.
The layout of this paper is as follows. In Section 2, we describe the parent surveys and identify the parent AGN population. In Section 3, we provide details of our crossmatch between the AT20G and WISE surveys. In Section 4, we present the resulting AT20G-WISE catalogue. In Section 5, we analyze the results and discuss their implications. We summarize our main findings in Section 6. Further details related to the cross-match work, details of relevant flags used in the WISE catalogue, and some specific sources are provided in the appendices.
Throughout this paper we have assumed a lambda cold dark matter cosmology with Ωm = 0.27, Ω λ = 0.73 and H0 = 71 km s −1 Mpc (Larson et al. 2011 ). For radio spectral-index measurements, we use the definition Sν ∝ ν α , where S, ν and α are flux density, frequency and spectral index, respectively. We use the symbol α ν 1 ν 2 to denote spectral index calculated between frequencies ν1 and ν2 in GHz.
THE PARENT SURVEYS

The AT20G high-angular-resolution catalogue
This work uses compact sources at sub-arcsecond angular scales identified in the AT20G high-angular-resolution catalogue . The compact sources are identified in the AT20G survey using the complex visibility amplitude ratio between the long (∼4500m) and short baselines of the Australia Telescope Compact Array (ATCA) at 20 GHz. Thus, sources with this ratio (termed the 6-km visibility 1 ) ≥ 0.86 are compact at 0.15 arcsec angular scales. 351 (6 per cent) out of the 5890 objects in the AT20G survey do not have this measurement due to unavailability of the 6-km antenna during some observations (e.g. due to maintenance). For this reason, these sources are omitted from this work. Since the unavailability of the 6-km antenna is not related to astrophysical properties of the sources in the sky, the omission of sources lacking measured 6-km visibilities does not introduce any bias.
The high-angular-resolution catalogue has the same sky coverage (all Southern hemisphere) and well known completeness and reliability as that of the AT20G catalogue. The AT20G survey is a flux-density-limited survey, with a limit of 40 mJy/beam at 20 GHz, and has a Galactic cut-off of |b|=1.5 degrees.
The brightness sensitivity limit of the AT20G survey means that the radio emission detected for sources (including for the small number of low redshift galaxies detected in the survey) is due to an active nucleus rather than star formation processes (Murphy et al. 2010) . Therefore, essentially all extragalactic AT20G sources are AGNs. The focus of this paper is the population of parsec-scale compact active cores, not the highly extended radio galaxies. We also note that the very high surface density of sources in the WISE catalogue makes it difficult to unambiguously cross-match with the extended radio sources, and we do not attempt to do so in this work. The majority of AT20G sources are compact as shown in Figure 1 . Our visibility criterion easily separates the compact active nuclei of galaxies from the extended radio galaxies that exhibit steep radio spectra. We use the term active galactic nuclei (AGNs) to denote these compact objects. There are 4259 compact objects, which is 77 per cent of the 5539 sources with 6-km visibilities in the AT20G high-angular-resolution catalogue.
Effect of redshift on angular sizes
The changing effect of redshift on angular size of a source means that our use of 6-km visibility limit of 0.86 probes different linear sizes for different redshift values. This effect is discussed in Chhetri et al. (2012) and (see their figure 2 and 3, respectively). The limit of Figure 1 . Visibility-spectra diagnostic plot (modified from Chhetri et al. 2015) identifying regions occupied by different galactic/extra-galactic populations in the AT20G survey. Green, yellow, pink and blue highlighted areas are, respectively, occupied by compact flat-spectrum sources, compact steep-spectrum sources, extended steep-spectrum sources and an intresting population that are "extended" and exhibit flat-or rising-spectra. Sources that have been identified with galactic or extragalactic thermal sources are highlighted with red squares, and are removed from this analysis. Spectral index is shown in X-axis, and 6-km visibility on the Y-axis, with corresponding angular scales using a Gaussian model shown in Y-axis on the right hand side. 0.86 corresponds to a linear size of ∼1 kpc for a large range of redshifts (0.7<z<5). For z<0.7 the linear scales probed decrease with z to ∼0.2 kpc at z = 0.1. Since there is a large difference between the linear sizes of extended radio galaxies (with sizes ranging from few hundred kpc to megaparsec scales; Miley (1980) ) and the compact flat-spectrum cores (compact at kpc scales (Baldi et al. 2015) , and as small as pc scale (Miley 1980) ), we expect that the linear sizes probed by our cut-off do not significantly bias against selection of flat-spectrum cores. However, for sources with slightly extended structures (e.g. gigahertz peaked spectrum sources and compact steep spectrum sources), our sample will progressively miss kpc scale sources below z<0.7.
The WISE survey
The NASA WISE satellite mapped the sky at four midinfrared wavelength bands centered at 3.4, 4.6, 12 and 22 microns between 7 January and 6 August 2010. These bands are referred to as W1, W2, W3 and W4 bands, and have angular resolutions (full width at half maximum of the major axes of the point spread function) of 6.1, 6.8, 7.4 and 12 arcseconds respectively. This work uses the AllWISE data release 2 that contains photometric and positional information for over 700 million objects detected in the WISE images. The astrometric precision for quasars in the AllWISE survey catalogue is better than 0.15 arcsec. The catalogue is >95 per cent complete for 2 http://wise2.ipac.caltech.edu/docs/release/allwise/expsup/ sources with W1<17.1 mag, W2<15.7 mag, W3<11.5 mag and W4<7.7 mag. All reported magnitudes are in the Vega system.
THE AT20G -WISE CROSS-MATCH DETAILS
3.1 The AT20G parent sample of compact sources (<0.15 arcsec)
The WISE survey is very sensitive to galactic thermal sources. Hence, in order to avoid possible incorrect matches of our compact source sample with galactic sources we excluded sources with Galactic latitude |b| < 10 • from the AT20G high-angular-resolution catalogue. The remaining 3610 compact AGNs form our parent sample for crossmatching. Of these, 91 nearby AT20G sources have been included in Sadler et al. (2014) using the WISE All-Sky catalogue (Cutri et al. 2012) . The All-Sky catalogue has been updated with the AllWISE catalogue. Therefore, for these sources we used the WISE counterparts provided in Sadler et al. (2014) but obtained updated AllWISE photometry from the WISE consortium (T. Jarrett). We then crossmatched the remaining 3519 AT20G compact AGNs against the AllWISE catalogue. Of these, 2844 (79%±2%) sources have optical identifications as published in Mahony et al. (2011) . These identifications are based on the digitized UK Schmidt Telescope survey in the SuperCOSMOS database (Hambly et al. 2001) , and redshift information were found from either the 6dF Galaxy survey or the literature.
Cross-match methodology
We used the radio position-or optical position when available-for the 3519 sources to make cross-matches with the WISE catalogue. The optical position, when available, was given higher priority since its use improved cross-match for a small fraction (approximately 3 per cent) of AT20G compact sources with large errors in the radio position (see Figure 5 ). The cross-match was made using a radial search around our source position. In order to identify the best cross-match radius we looked at the distribution of the separation of WISE neighbours as a function of distance from the AT20G sources. This is shown in Figure 2 for all AT20G sources away from the Galactic plane, and it compares the equivalent distribution for random source positions. The random source positions were obtained by shifting (increasing) the positions of AT20G sources by 1 degree in Galactic longitude. The lower panel of Figure 2 suggests that 2.5 arcsec is a reasonable matching radius to choose so as to balance between completeness and reliability of the cross-matched sample. Using the formalism presented in Condon et al. (1975) and Condon et al. (1998) , we estimate the probability of false WISE match to AT20G sources within 2.5 arcsec radius to be 0.36 per cent. We used this search radius for our automatic matching criteria (see Section 3.3.1). In order to find genuine counterparts that are farther than the optimum 2.5 arcsec radius, we extended our counterpart search to 7 arcsecond of our search positions, ∼3 times the optimum search radius, and identified or rejected matches (see Section 3.3).
Here, the probability of false WISE match rises to 3 per cent. We made visual inspections of all sources whose counterparts are outside the 2.5 arcsec radius (see Sections 3.3.2 and 3.3.3). Visual inspections were made on WISE images overlaid with our radio source position and contours, and with optical contours when available. Beyond the radius of 7 arcsec from the search position, the probability of finding counterparts due to chance alignment becomes prohibitive.
Deficiency in counterpart numbers
The result from a positional cross-match between two catalogues is the union of true cross-matches and any crossmatches due to chance alignments. In Figure 2 we see a curious deficiency in the number of all counterpart sources between ∼4 and ∼14 arcsec for cross-matches between WISE and AT20G positions when compared to cross-matches of WISE and random (test) positions. A similar deficiency was observed by Krawczyk et al. (2013) as seen in their figure 4. We investigated this oddity and found that pixels near strong sources in WISE images are affected by saturation. This effect renders weaker sources close to the strong sources in these images indistinguishable from the strong sources in the de-blending step. The distance to which this effect is expected to affect weak sources close to strong sources is, in practice, larger than √ 2 times the FWHM of the WISE beam 3 . We made similar plots to test our understanding for weaker sources and resolved sources. We found that the distribution of cross-matches for weaker sources as well as for resolved/extended sources in SDSS/WISE exhibit a very pronounced effect which supports our explanation for the deficiency in the number of sources seen in Figure 2 . The results for weaker and resolved/extended sources and a more detailed explanation are presented in Appendix A.
Result of cross-match
All sources in the WISE survey found within the 7 arcsecond of our search positions were considered as potential counterparts to AT20G sources. These counterparts were then either selected automatically, selected as a counterpart after visual examination or rejected due to various reasons as shown in the flow chart in Figure 3 .
Single counterpart -automatic acceptance
There are 3236 sources with unique counterparts within 7 arcsec radius. Of these, 3031 sources have unique counterparts within 2.5 arcsec. These were automatically selected as correct counterparts for the AT20G sources. A "Aa" (accepted automatically) flag has been given to these sources in the catalogue (see example: the top left panel of Figure 4 ). The bottom frame shows that the probability of finding a crossmatch by chance for a random position is very small within a 2.5 arcsec radius, compared to real AT20G source positions. The dotted line shows the linear fit to the distribution of chance crossmatches. A discussion of the dip in the number of WISE objects in the real source positions compared to that by chance is given in Section 3.2.1 and Appendix A.
Single counterpart -visual inspection
We visually examined the WISE images for the remaining 205 sources with unique counterparts within 7 arcsec but outside 2.5 arcsec of our source positions (see the top right panel of Figure 4 ). These inspections were made independently by three co-authors (A. K., E. K. M. and R. C.) and the final decision was made by collating the outcomes of these inspections. Since we expect our high frequency selected compact sources to be AGNs, we made identifications with the prior knowledge that AGNs are brighter in W3 and W4 compared to W1 and W2 in WISE (whereas Galactic objects tend to be brighter in W1 and W2 than in W3 and W4). As an example, if multiple potential matches were found within the 7 arcsec search radius the WISE source that appeared brighter in W3 and W4 was chosen as the correct counterpart even if the source was farther than other potential counterparts.
We accepted the cross-matches for 119 of these sources and a "Av " (accepted after visual inspection) flag has been given to these sources in the catalogue. Some of the counterparts for these sources appear to be extended in either optical (when available) or WISE images. Some of these sources appear close to a strong source and suffer from low level blending in WISE images. Thus, we note that the astrometry of sources with Av flag may be less reliable than those with Aa flag. We note that 80 of the 91 sources studied in Sadler et al. (2014) would have the Av flag since these are sources from the local universe that project larger angles in the sky.
Of the remaining 86 sources with unique possible counterparts within 7 arcsec, 53 sources appeared bright in W1 and W2 compared to other WISE bands. We concluded that they are associated with possible foreground objects due to alignment by chance and rejected these cross-matches. They are given the "Rv" (rejected after visual inspection) flag in our catalogue.
The remaining 33 objects that were visually inspected, while brighter in W3 and W4, were blended with stronger foreground stars that are stronger in W1 and W2 bands. Thus, it was not possible to obtain their true WISE magnitudes. These have been given the Rb flag in the catalogue. Since the rejected sources appear blended with unrelated foreground stars, their rejection from the catalogue should not introduce any bias.
Multiple counterparts -visual inspection
There are 63 sources with multiple counterparts within 7 arcsec of our search position. Figure 2 indicates that this is approximately the number of objects for which we find one true and at least one other counterpart by chance. After visual inspection we accepted the closest counterpart for 50 sources. These objects are also given Av flag in the catalogue. Eight more sources had complicated cross-matches but it appears that the counterpart with a slightly farther separation is the true counterpart. These 8 were also accepted with the "Av" flag.
One of the remaining 5 sources with multiple counterparts appeared blended with a foreground object in WISE images. Therefore, this source was rejected and given a "Rv" flag. The remaining four sources had two potential counterparts, each within 7 arcsec. Visual inspections of overlaid images indicate that both potential counterparts are chance alignments and hence we rejected them (and gave them Rv flag). These four sources are J052335-513830, J092902-182048, J190106-173840, J235025-022442. Table 1 . We present the number of sources that were accepted via different paths in the flowchart shown in Figure 3 .
No counterpart
Of the remaining 220 sources, we determined that 219 sources have no visible counterparts within 7 arcseconds in WISE images after visual inspection. These sources have been given "Nv" flag in the catalogue (see example: the bottom right panel of Figure 4 ). For a small number of these sources, possible weak mid-infrared counterparts in the images appear to be heavily swamped by nearby very bright sources. One source shows a potential counterpart just outside the 7 arcsec radius, but it is blended with a stronger foreground source. The implications of these non-detections are discussed further in Section 5.4.1.
AT20G source J022740-302604 shows a clear counterpart in the WISE images but it was not listed in the AllWISE catalogue. We requested WISE photometry for this source (private communications: T. Jarrett) and have presented the accepted counterpart photometry in the catalogue (catalogue flag "Am").
Thus, from a parent sample of 3610 extragalactic compact sources in AT20G high-angular-resolution catalogue, we present WISE mid-infrared counterparts for 3300 (91.4 per cent) sources. Figure 5 shows the positional offset between our search position and WISE positions. We either did not find a counterpart in WISE or rejected the cross match for 310 (8.6 per cent) sources.
Sources with large offsets in positions
A very small number of sources in Figure 5 have large offsets (>10 arcsec) between the AT20G and WISE/optical positions. These were all checked by eye and in the majority of cases the offset is due to occasional large errors in the AT20G position when the wrong peak was chosen in a poor quality postage-stamp image in the original catalogue. All of these objects have an optical counterpart so these positions were used when making the WISE crossmatch, but if the AT20G positions were used these are likely to have been missed. This raises the possibility that there may be a small number of AT20G sources with inaccurate positions and no optical counterparts that are not included in this catalogue. Given the small number of sources that have a WISE match and no optical match we do not expect this to significantly effect the following analysis. 
THE AT20G-WISE CATALOGUE
We present the first fifty sources in the AT20G-WISE compact source catalogue in Table 2 . We have also included the AT20G-optical counterparts and their optical properties, based on Mahony et al. (2011) . The complete table of all sources is provided as additional data in the online version of the paper and will be available through the Vizier catalogue database. Table 2 . We present the first 50 sources in the catalogue cross-matching the AT20G compact AGNs with the AllWISE mid-infrared catalogue. Empty fields have been replaced with a '.' sign to aid with visual inspection in this table only. Uncertainty in flux densities for AT20G are provided in the AT20G catalogue (Murphy et al. 2010) . Using typical uncertainty in flux density for the AT20G survey (∼5 per cent) and for NVSS and SUMSS surveys (∼ 4 per cent for both), uncertainty for spectral index in column 7 are typically ∼0.02. Full table is available as supplementary material to this paper and, via the VizieR Catalogue Service.
Descriptions of the different columns in the catalogue are provided below. For brevity, we have not reproduced uncertainty values for flux densities in columns 4, 5 and 6, which are to be found in Murphy et al. (2010) . Using typical uncertainty in flux density for the AT20G survey (∼5 per cent) and for NVSS (Condon et al. 1998 ) and SUMSS (Mauch et al. 2003) surveys (∼ 4 per cent for both), we estimate uncertainty for spectral index in column 7 to be typically ∼0.02. The WISE catalogue provides multiple and complicated quality flags necessary to determine the quality of photometry. We have re-produced relevant ones in our catalogue which we briefly describe below.
Col1
AT20G name for the source, Col2
Right Ascension (J2000), Col3
Declination ( flags from AT20G high-angular-resolution catalogue ). Sources can have more than one flag: b : source is large and extended in AT20G main catalogue, e : source is flagged as extended in AT20G main catalogue, l : source has no counterpart in either NVSS or SUMSS, m : part of Magellanic clouds, v : more than two 6-km visibility values are present, Col11
Right Ascension of optical counterpart (J2000), Col12
Declination of optical counterpart (J2000), Col13
B magnitude from SuperCOSMOS, Col14
R magnitude from SuperCOSMOS, Col15 redshift, where available, Col16 optical flags from Mahony et al. (2011) : b : blended source, c : source is in a field too crowded to make an identification, o : source is slightly offset from radio position but still within 3.5 arcsec, u : unreliable optical magnitude, Col17
Match flag: Aa : cross-match accepted automatically, Am : cross-match obtained manually, As : taken from Sadler et al. (2014) , Av : cross-match accepted after visual inspection, Nv : source has no counterpart, Rb : cross-match rejected as counterpart is blended, Rv : cross-match rejected after visual inspection, Col18
WISE designation of accepted counterpart, common names of a small number of objects are presented in Table F1  Col19 Right Ascension of accepted counterpart (J2000), Col20
Declination of accepted counterpart (J2000), extended source flag from WISE catalogue (see text for further explanation), 0 : not extended, 1 : w?chi2≥3.0 in any band, suspected to be resolved or confused, 2 : within isophotal extent of a 2MASS extended source, 3 : as above and w?chi2≥3.0 in any band, 4 : identically associated with a 2MASS extended source, 5 : as above and also w?chi2≥3.0 in any band.
Further detail about the flags for WISE cross-matches in Table 2 are provided in Appendix B. Notes on special cases for highly extended sources are provided in Appendix C and D.
Use of appropriate WISE magnitude
The WISE catalogues provide several definitions of magnitude (based on aperture and profile fitting). The usage of the correct magnitude definition depends upon the observed profile of the source, i.e. if the source is unresolved or has an extended profile. Approximately 87 per cent of our sources are unresolved in WISE, therefore, we used W?MPRO (where ? is the observing band 1, 2, 3 or 4), which is obtained using a point source profile fit. For sources that are identified with or superimposed on known galaxies or have been otherwise ascertained to be extended, the aperture magnitude (W?MAG) gives a better estimate of the source magnitude. For sources that are in the 2MASS Extended Source Catalogue (XSC), a scaled elliptical aperture matching the 2MASS XSC source is defined to obtain the "g?mag" and gives the best estimate of the source magnitude. Please find further details on extended flag (ext flg) in Appendix B. Wright et al. (2010) have used the WISE colours of different source populations in the first three WISE bands to produce a "template" that outlines positions occupied by these source populations in the WISE colour-colour plot (their figure 12) . In Figure 7 , we present a similar plot for the AT20G AGNs using their WISE colours presented in our catalogue. The figure shows evidence that the radio selected compact AGNs are a mixture of different populations as classified from midinfrared colours, primarily dominated by QSOs and Seyfert galaxies, and a sizeable normal galaxy population.
DISCUSSION
Radio AGNs in WISE colour-colour plots
A small number of sources with W2-W3<2 appear to have high W1-W2 values. All these objects have a quality flag of 2 in all four bands indicating that their magnitudes should be used with caution. Thus, these are likely to be normal galaxies whose W1-W2 colours are due to lower quality measurement. We further note that for a small number of cases (approximately 3 per cent) false identifications can cause sources to appear as outliers in this diagram. Barring these, outliers in the different corners of the plot with good quality measurements are genuine outliers with interesting properties.
We note that the classifications of QSOs, Seyferts and normal galaxies used here (and in subsequent sections) are based on WISE colours alone, and that these classifications may suffer from effects such as host galaxy contamination and other biases (such that, e.g., weak AGNs may not be detectable in mid-infrared). survey in the SuperCOSMOS database; redshift information was obtained from the 6dF galaxy survey, new observations or the literature. We find 2935 objects have optical identifications and 1051 have redshift information.
Optical identifications and redshift distribution
In the literature, the WISE W1−W2 colour has often been used to identify pure AGNs. For example Stern et al. (2012) have used a colour selection in WISE of W1-W2 ≥ 0.8 to identify pure AGNs up to redshift of ∼3, based on an AGN SED template by Assef et al. (2010) . Other authors (Jarrett et al. 2011; Mateos et al. 2012) have defined wedges in the WISE colour-colour plot (such as Figure 7 ) to idenfity AGNs. Hickox et al. (2017) conclude that luminous quasars can be effectively selected using a simple criteria such as those identified by Stern et al. (2012) , although they warn that such criteria may miss heavily obscured quasars. In Figure 8 , we plot the histogram of W1-W2 colours of all sources with redshift in our sample. For our data, we find that the limit of W1−W2 = 0.5 can be used to efficiently separate AGNs from galaxies, correctly classifying approximately 50 per cent more objects with redshift >3.0 as AGNs compared to when using the cut-off of 0.8 (see also Figure 14 ). Such a cut at W1−W2 = 0.5 has also been employed by Satyapal et al. (2014) to identify bulgeless galaxies where the AGN emission dominates over the host galaxy emission. While we find that this limit in W1−W2 has high efficiency to select AGNs in the case of strong compact sources selected at high radio frequencies, the removal of such radio preselection may render the cut-off less effective. For example, star-forming dwarf galaxies are also found in the region defined by W1−W2 > 0.5 Hainline et al. (2016) . Using a limit of W2−W3≤3, and W1−W2≤0.5 we define a region to select normal galaxy colours. This gives us 264 (8%±0.5%) of our radio AGNs whose infrared spectra are dominated by galaxy colours and would not have been identifed as hosts of AGNs using mid-infrared colours only. Thus a very high fraction (92%±1.7%) of sources selected in our high frequency compact radio sample are correspondingly identified as AGNs based on mid-infrared colours.
In Figure 9 , we plot the histograms of the B magnitudes of the sources identified as galaxies above using Figure 7 , and compare it against that of the rest of our sources. The WISE colour-selected galaxies and AGNs have distinct distributions in B magnitude, peaking at 16 and 19, respectively. In Figure 10 , we plot the redshift distributions of these two populations. It shows that with the exception of very small number of high redshift objects, possibly misclassified due to our simple selection criteria, most of the MIR colour-selected galaxies are confined to z<0.2. Ching et al. (2017) classified z<0.8 radio sources selected at 1.4 GHz into high and low excitation radio galaxies (HERGs and LERGs respectively, see Heckman & Best (2014) for review). They find that at low redshifts the total radio population is clearly dominated by the LERG population (83 per cent) and exhibit infrared colours similar to those seen for these objects.
Thus, it is most likely that these MIR colour-selected galaxies, which are found to be at low redshifts, are the high radio frequency counterparts of the LERG population. Their compactness indicates that these are the cores of the LERG sources. Since this work focuses on the compact source population only, this is probably only a part of the larger picture. A study of the extended sources to study their distribution in MIR colours will be necessary to provide the overall picture of the compactness of the LERG population at high radio frequencies. (0<z≤0.08 and 0.08<z≤0.2) with similar numbers in both bins (85 and 82).
The shallow brightness limits of both AT20G and WISE surveys mean that they select more luminous AGNs with increasing redshifts. Therefore, we expect to see the MIR colours of sources to be increasingly dominated by QSO colours with redshifts. This is demonstrated by the sources in the 0.08<z≤0.2 bin showing larger values in the Y-axis compared to those of sources in the 0<z≤0.08 bin. Interestingly, even in the lower redshift bin we find that a small number of sources are entirely dominated by QSO colours in mid-infrared wavelengths. These are strong AGNs whose mid-infrared colours dominate over their host galaxy colour contributions. In Figure 12 , we plot their 20 GHz luminosities against redshifts. It shows that for sources in our lowredshift bin, the 20 GHz luminosity is a good predictor that more luminous radio sources are identified with QSO colours (using our W1−W2>0.5 limit) in mid-infrared wavelengths. We also find that when we use a L20 >5×10 24 W/Hz threshold, 78%±14% of compact radio AGNs with redshift below 0.2 are identified with QSO colours in the mid-infrared. Radio luminosity has been widely used to classify AGN types (e.g. see Heckman & Best 2014 , and references therein), however, we note that our estimation of the luminosity uses the flux arising from the compact cores only while most past studies at lower radio frequencies have estimated luminosity using combined flux arising from the compact core and the extended components (i.e. jets/lobes). Sadler et al. (2014) have used W2-W3 = 2 as the demarcation between WISE "early-type" and "late-type" galaxies (for WISE elliptical and WISE spiral galaxies respectively). When we use this criterion, we find that the compact AGNs with galaxy-like WISE colours are almost equally distributed, with 51.1%±4.4% having the colour characteristics of early-type galaxies and 48.7%±4.3% having the colour characteristics of late-type galaxies.
WISE colours of compact steep-spectrum sources
We now focus our analysis on an interesting subset of the compact radio source population: the compact steepspectrum (CSS) sources. In the literature, CSS sources are hypothesized to be early stages of radio galaxy evolution making up approximately 30 per cent of the radio source population with linear sizes 15 kpc (O'Dea 1998), and more evolved than the gigahertz peaked-spectrum (GPS) sources that are confined to even smaller linear scales ( 1 kpc). In the sample of 33 CSS sources in O'Dea (1998), The distinction between galaxies and QSOs is made using the W1-W2=0.5 limit (see text). Source luminosity is derived using their 20 GHz flux density. The black dotted line is drawn for luminosities corresponding to the flux density limit of the AT20G survey.
they find that 10 sources have linear sizes smaller than 1 kpc. CSS sources are also of interest since these include the ultra steep-spectrum sources, which are viable candidates to identify sources at very high redshifts (e.g. Saxena et al. 2018) . The visibility-spectra diagnostic plot in Figure 1 very conveniently identifies these rare objects. 8.3 per cent of the total AT20G sources can be classified as CSS sources(α 20 1 < −0.5), ∼one-third the fraction stated in O' Dea (1998) . This corresponds well with the linear size distribution in O' Dea (1998) , and is almost certainly because the angular size of 0.15 arcsec corresponds to ∼1 kpc for a wide range of redshifts (∼0.7 -5 figure 1, ), thus identifying extremely compact steep-spectrum sources. Due to the dependence of linear size on redshift, below the redshift of ∼0.7 the sources in the AT20G sources will have larger than 1 kpc linear size.
Using the cut-off of α 20 1 = −0.5, we find 387 (11%±0.5%) sources in our sample of 3610 compact sources that can be considered CSS sources. 341 (88 per cent) of these 387 steep-spectrum sources have a match in the WISE catalogue, which we can use to investigate their infrared luminosities and colours. Figure 13 shows a colour-colour plot of CSS sources overlaid on that of the underlying compact source population. Of the 341 sources, 279 (82%±5%) exhibit colours that are not dominated by their hosts galaxies. Figure 13 also shows that when the source colours in mid-infrared are not dominated by their host galaxy colours, these objects are indistinguishable from the underlying compact source population which is dominated by the flat-spectrum popu- lation. We have redshift information for 85 (approximately one-third) of these objects, with median redshift of 0.82. An alternative to the hypothesis of CSS sources being young stages of radio galaxies is the 'frustrated' scenario where these sources are small because they are confined to smaller spatial scales due to high nuclear density in their hosts (van Breugel et al. 1984; Bicknell et al. 1997 ). There are 62 CSS sources whose colours are dominated by the colours of their host galaxies, and the sub-sample for which we have redshift information (27 sources) have median red-shift=0.13. Ching et al. (2017) present evidence that the low radio frequency selected sample (as opposed to our high frequency selected compact source sample) at low redshifts (z<0.8) is dominated by the LERG population, whose midinfrared colours are distributed between early and late-type galaxies. They have found a tendency for LERGs to exhibit mid-infrared colours of late type galaxies, when at higher redshifts in their sample, due to contribution from warm dust owing to e.g. low level star-formation activity. When we separate the host colours of our CSS sources into early and late type using the W2-W3 = 2 limit, we find that a larger fraction of CSS sources (67.7%±10.5%) exhibit late type galaxy colours. These late type galaxies have higher star formation activity than the early type galaxies which indicates the presence of higher density of material. Thus, there is some suggestion that these CSS sources are preferentially found in hosts with higher density of material, and may provide evidence for the frustrated scenario for the small scales of CSS sources.
Redshift dependence of AGN SED
Most AGN spectral energy distributions (SEDs) in the literature are empirically derived as the physical processes gov- erning AGN emissions are not quantitatively understood (e.g. Elvis et al. 1994; Richards et al. 2006; Shang et al. 2011 ). These empirically obtained SEDs can be complicated by contamination from the host galaxy SED (Assef et al. 2010 ). Due to the relatively high brightness limits of both the AT20G and WISE surveys our work selects luminous AGNs, to very high redshifts. Therefore, our work can identify objects for which the MIR emission is dominated by AGN activity. With information on only four bands in the infrared, it is not possible to produce detailed SEDs for individual sources. However, using our sample with over a thousand objects for which we have redshift information we are in a position to investigate statistical mid-infrared SED, using colours of radio-selected AGNs, and compare against existing SED templates.
In the top panel of Figure 14 , we present the distribution of mid-infrared colours between 3.4 and 4.6 micron bands as a function of redshift for AT20G sources. The radio AGNs identified to be dominated by their host galaxy colours appear to be mostly confined at redshifts below 0.4. A small number of these sources are also seen at very high redshifts. It is most likely that these objects have been misclassified as galaxies due to our simple selection criteria for galaxies, and that they truly belong to the QSO category.
For the sources identified as QSOs, a distinct maximum is seen in the colours at z ∼ 1.5 suggesting that the sources are ∼ 1.3 times brighter in the longer wavelength band compared to at redshift ∼ 0. Sources then progressively exhibit lower values for W1-W2 colours with increasing redshifts.
We fit a three-degree (cubic) polynomial to W1-W2 colours of AGNs, as a function of redshift. We have limited this fit to within the bounds of within the bounds of 0.0 < z ≤ 4.0 as our sample becomes very sparse beyond redshift of 4. The resulting fit is shown with a blue solid line in the top panel of Figure 14 and has the form
where the values for the constants are a0=0.783±0.022, a1=0.612±0.055, a2=-0.289±0.039 and a3=0.029±0.008. We also plot colours derived using a template SED for AGNs expected in the WISE catalogue by Assef et al. (2010) 4 . Their template is derived using over 5000 AGNs selected via different criteria in infrared, optical, X-ray and radio, but with the lowest priority given to radio. To first order our fit has a similar shape to their template; however, the offset in colour is clear. Even with the best estimate of offset in magnitudes of 0.20 to match the two profiles, we find that the differences between the two profiles are significant. A similar fit to W2-W3 colours is presented in the bottom panel of Figure 14 , and we once again see a similar offset in magnitudes between our fit and that provided by Assef et al. (2010) template. The parameters of this fit are a0=2.740±0.042, a1=0.018±0.107, a2=0.158±0.075 and a3=-0.032±0.015. In Figure 7 , we notice an offset in the centroid of the radio AGN population towards lower values in both X and Y axes. From the Wright et al. plot, the expected central value of the bubbles representing the Seyfert galaxies and QSOs is at colour coordinates of 3.5, 1.25. We find that the centroid of our AGN population lies at 3.0, 1.0.
The Assef et al. (2010) template shown in Figure 14 was made using 10 times as many objects, selected using non-radio (IR, optical, X-ray) selected AGNs compared to radio selected sources. Therefore, it is natural that their template has a stronger influence from the SED of the larger infrared/optical selected population. Our technique selects the most powerful (radio) AGNs, which are hosted in massive galaxies (e.g. Matthews et al. 1964; Urry & Padovani 1995) . It is then possible that the difference we see in Figure 14 can be explained by this selection of powerful radio AGNs in which the stronger contributions of the hosts to the total MIR emission causes the colours of the radio AGNs to be less red in comparison to the Assef et al. (2010) sources, which are mostly radio quiet. Even though we have not attempted to disentangle this effect of host galaxy contributions to the total source SED, this work contributes towards a template SED for the very powerful and compact radio selected AGNs.
Using the polynomial fits discussed above, we plot a locus followed by radio selected AGNs in the WISE colourcolour plots as a function of redshift. This is presented in Figure 15 . The path taken by radio selected AGNs is much more confined compared to that defined by the generic AGN template by Assef et al. (2010) , possibly due to contributions of the host galaxy as discussed above. In the sub-figures of Figure 15 , we show the displacement in WISE colours for radio selected AGNs as a function of redshift. Thus, with a SED based on compact radio selected AGNs, it may be possible to improve estimates of photometric redshifts for powerful radio AGNs (e.g. Salvato et al. 2009 ).
Non-detections in WISE as candidate high redshift sources
Finally, we note that selecting infrared faint sources with small angular size is an excellent method to identify radio sources at very high redshift (z > 4, Ker et al. 2012) . The relatively shallow observations in WISE means that sources at very high redshifts are undetected. Indeed, approximately a third of our sources with non-detections in WISE have optical identifications and most (91±11%) of these sources with optical identifications have B magnitude values ≥ 19. This shows that the small number of non-detections in our sample are excellent high redshift candidates. These differ from the candidates identified from low radio frequency surveys in that most low radio frequency selected candidates are obtained using an ultra-steep-spectrum criteria. Most of our non-detections exhibit flat radio spectra and are expected to be beamed. If relativistic beaming at radio and mid-infrared are different, i.e., if the radio beam has a wider angle, our radio selection will detect AGNs with amplified radio emission but not as amplified in mid-infrared making them undetectable in WISE. Barring such objects, which can be at not-very-high redshifts, our list of non-detections in mid-infrared is an important complement to the traditionally identified high-redshift radio galaxy candidates.
SUMMARY
We selected 3610 compact sources (<0.15 arcsec) from the AT20G high-angular-resolution catalogue to make a crossmatch against the AllWISE mid-infrared survey catalogue. The selected compact sources are primarily (89 per cent) flat-spectrum cores of radio galaxies, as expected from that of a high frequency radio survey. Using a semi-automated cross-matching technique, we have made a catalogue which has 3300 (91.4% ± 1.6%) matches, 91 (2.5% ± 0.3%) rejects due to various reasons and 219 (6.1% ± 0.4%) non detections in the WISE catalogue. We present the resulting catalogue complete with radio data from the AT20G survey, compactness information, optical identiciation with redshift, B and R magnitudes when available, and the WISE magnitudes at 3.4, 4.6, 12 and 22 micron wavelengths.
3036 of the compact AGNs with WISE crossmatches exhibit QSO/Seyfert colours in mid-infrared wavelengths (with W1-W2>0.5), which is a significant majority (92.0% ± 1.7%) of our sample. Only a minority (∼8.0% ± 0.5%) exhibit colours that are dominated by their host galaxy colours. Therefore, our sample of high frequency compact sources has a very high rate of identification with MIR QSOs.
In our sub-sample of low redshift compact sources (z < 0.2), radio luminosity (L20) is a good indicator to identify QSOs, with 78%±14% of sources with L20 > 5×10 24 W/Hz exhibiting mid-infrared QSO colours. We note that for these sources, the luminosity is due to the flux arising from the Figure 15 . The distribution of the AT20G QSOs as a function of redshift on the WISE colour-colour plot. The four representative panels show sources in different redshifts bins (orange filled circles) in increasing order or redshift. Blue filled circles, with one standard deviation errorbars, show the median colour for all AT20G QSOs in the corresponding redshift bin. The path followed by our fit (see text) is shown with a black line, with black filled circles marking redshifts 0, 1, 2, 3 and 4 respectively. The AGN template from Assef et al. (2010) is shown with a black dotted line. Dark circles in the background show all AT20G sources for reference. An animated movie to show the movement of sources as a function of redshift in the colour-colour plot, with contiguous redshift bins, is available as supplementary material with this paper. compact cores only as opposed that for low frequencies selected sources, whose luminosity is due to combined flux arising from the compact core and the extended components (i.e. jets/lobes).
We investigated the sample of compact steep-spectrum sources using their mid-infrared colours conveniently identified using the AT20G visibility-spectra diagnostic plot. We find that 8.3 per cent of AT20G sources are CSS sources, which is approximately one-third of the number expected from the literature. This is possibly because our angular size criteria identifies objects <1 kpc across a wide redshift (z∼0.7 to 5) range, selecting extremely compact steepspectrum sources. We find cross-matches for 88 per cent of CSS sources in our sample. Of these, 82%±5% of CSS sources exhibit colours of QSOs, which are indistinguishable from the compact flat-spectrum source population using mid-infrared colours only. These are found to be at moderate redshifts, with a median redshift of 0.82. The remaining CSS sources exhibit their mid-infrared colours to be dominated by the colours of their hosts. These are found at lower redshifts with median redshift of 0.13. A higher fraction of CSS sources (67.7%±10.5%) exhibit colours in MIR which is characteristic of late-type galaxies, in comparsion to the fraction of overall high frequency compact sources exhibiting MIR galaxy colours (48.9%±4.3%). This indicates some level of star forming activity in the CSS hosts and, therefore, a higher density of gas in the central ISM. Thus, our data provides some evidence that the small size of the CSS sources is due to their confinement in hosts with higher density regions.
Using polynomial fits made to the WISE colours of our compact radio AGNs, we make comparisons against SEDs of AGNs selected primarily using infrared/optically techniques. From these comparisons we note that the SED for compact, high frequency selected radio AGNs is less red compared to that for AGNs selected primarily using optical techniques or infrared colours. This is possibly due to contributions in the mid-infrared from the (massive) hosts of radio AGNs preventing the AGN colours from becoming redder still. Thus, we propose that the use of a mid-infrared SED template purely derived for radio sources may be useful to improve photometric redshift estimates for radio AGNs.
Finally, we note that the small number of AGNs with no counterparts in WISE are excellent candidates for sources at very high redshifts. Since these objects are selected from flatspectrum AGNs, high redshift sources identified from these candidates will provide an important compliment to those identified using the most-successful ultra steep-spectrum criteria.
linear function rising from zero at the origin, owing to the linear increase in area; this distribution represents the foreground/background source density. In theory, the distribution of "real" neighbors should be a function that is sharply peaked near the origin, drops with distance to a local minimum, then rises linearly for large separations; this distribution represents the sum of true counterparts plus the random foreground/background source density.
To our initial surprise, the distribution of nearest WISE neighbors around AT20G sources shows a deficiency of counterparts in the 3-13 arcsecond range with counts that drop below the expected distribution from random matching (see Figure 2 ). Similar behavior was noted in Krawczyk et al. (2013) , where the claim was made that this effect is "due, in part, to the large beam size of WISE (FWHM = 6 )" but no further explanation was offered.
The explanation for this effect is not that the foreground/background sources (which must be present) are actually missing, but rather that they have become blended with the true WISE counterpart. Bright WISE sources can saturate nearby pixels, or can otherwise be so bright that nearby fainter sources become indistinguishable. This blending effect happens all over the sky whenever a faint source (typically with B mag fainter than 19) happens to lie close to the line-of-sight towards a very bright source. The WISE survey applies a de-blending algorithm to distinguish blended sources, but the minimum resolvable separation can increase in the case of a faint source within the wings of a much brighter one (K. Marsh, private communication). We therefore may expect the "deficiency of random neighboring sources" effect to become more pronounced for brighter sources.
We verified this behavior using a similar random nearest neighbor comparison for Sloan Digital Sky Survey quasars (SDSS) (Schneider et al. 2010 ) as shown in Figure A1 . SDSS quasars are identified partly by being optically luminous, and are typically luminous in the mid-infrared as well. Therefore, their WISE counterpart is often blended with one or more fainter foreground/background WISE sources, leading to a "deficiency of random neighboring sources" effect. To test whether the effect is more pronounced for brighter sources, we performed the analysis separately for quasars classified as "bright" (< 18.5 mag in all SDSS bands) and "faint" (> 20 mag in all SDSS bands). As shown in Figure A1 , the deficiency of random neighboring sources is much stronger for the bright subset; the deficiency persists beyond 15 arcseconds, demonstrating that WISE counterparts to bright SDSS quasars can have wings extending well beyond 15 arcseconds from the point source position. The effect is much less for the faint quasar subset, but still persists nearly to 10 arcseconds -"faint" quasars are still very bright in the mid-infrared! As a more direct test, we separated the SDSS quasars into subsets based on the properties of their nearest WISE neighbor rather than their optical brightness. Figure A2 shows the results for WISE counterparts that are "bright" or "faint" in all four WISE bands; the numbers are much less because these samples only include WISE counterparts that are detected in all four WISE bands. Again, the results show that the effect is more pronounced for bright WISE sources. Finally, we divided the sample into subsets based on whether the WISE counterpart to the SDSS quasar is a point Figure A1 . Plot compares the effects of deblending between bright and weak QSO, selected from SDSS, in finding the crossmatch for sources. source (WISE parameter ext flg=0), an extended source (ext flg=1), or possibly an extended source (ext flg=2). The majority of WISE counterparts to SDSS quasars are point sources in WISE, so the top panel of Figure A3 is similar to the top panel of Figure A1 . The effect is much less significant for the extended WISE sources, perhaps partly because the subset is much smaller, but also perhaps because the extended sources have a lower surface brightness and are easier to distinguish from foreground/background point sources.
APPENDIX B: DETAILED DESCRIPTION OF FLAGS
Magnitude type flag
The measurement and presentation (of flux and, therefore,) magnitude from WISE images is dependent upon the profile of the source. In short, measurements from different Figure A2 . Plot compares the effects of deblending between bright and faint objects in all WISE bands. sized apertures are used to produce a magnitude profile that is compared against that expected from an unresolved source. In cases of unresolved sources, the use of instrumental profile-fit magnitude is appropriate. For resolved sources, elliptical apertures are used to obtain photometric magnitudes and magnitudes derived from elliptical aperture ("gmag") is more appropriate (and is recommended, private communications, T. Jarrett). In between these two extremes, apertures with different radii are used. (For our sources, we consider magnitudes from the circular WISE apertures 2-5; apertures 1 to 5 correspond to 5.5", 8.25", 11.0", 13.75", and 16.5", respectively. Aperture 2 with an 8.25 arcsec radius is considered to be the standard aperture for W1.) In the catalogue we have provided information on which magnitudes are presented as "Magnitude type" flag. These are provided as 4 alphanumeric flags, each letter or number representing one WISE band going from left to right for WISE bands 1 to 4. For sources whose magnitudes are obtained from Sadler et al. (2014) , the letter "s" is used.
Contaminated and confusion (cc flag) flag
The four character string of the cc flag, as given in the WISE supplementary documents 5 , indicates that photometry and/or position measurements of a source may be contaminated or biased due to proximity to an image artifact. Characters from left to right correspond to WISE bands 1 to 4 respectively. "D, d" -"D" may be a spurious detection of and "d" may be contamination by a diffraction spike from a nearby bright star on the same image. "P, p" -"P" may be a spurious detection of and "p" may be a 5 http://wise2.ipac.caltech.edu/docs/release/allwise/expsup/ contamination by a short-term latent image left by a bright source. "H, h" -"H" may be a spurious detection of and "h" may be a contamination by the scattered light halo surrounding a nearby bright source. "O, o" -"O" may be a spurious detection of and "o" may be a contamination by an optical ghost image caused by a nearby bright source. "0" -the number zero flag corresponds to sources unaffected by any known artifacts in the observing band. When a source is affected by more than one type of artifact or condition, the cc flag value priority in each band is in the order "D, P, H, O, d, p, h, o, 0".
Photometric quality (ph qual) flag
The WISE ph flag is a four character flag that provides a summary of the quality of the profile-fit photometry measurement as derived from the measurement signal-to noise ratio. Characters from left to right correspond to WISE bands 1 to 4 respectively. We provide descriptions below Quality Flag  W1  W2  W3  W4   A  3099 2887 1340 440  B  106  308  1227 1109  C  2  9  271  451  U  0  4  368  1206  X  1  0  2  2  Z  0  0  0  0   Table B1 . Table shows the WISE photometric quality histogram for the cross-matched sources. Descriptions for different flags are given in Section 4. For convenience, A = source with W?SNR≥10 where "?" is band 1,2,3 and 4, B = 3<W?SNR<10, C = 2<W?SNR<3, U = W?SNR<2 so magnitude is an upper limit, X = profile fit measurement not possible and Z = profile fit measurement made but uncertainty could not be calculated.
as provided in WISE supplementary documents. The "A" flag is given to sources detected (in this band) with a flux signal-to-noise ratio w?SNR≥10, where W? is WISE band W1, W2, W3 or W4. The "B" flag is given to sources detected with a flux signalto-noise ratio 3<w?SNR<10. The "C" flag is given to sources detected with a flux signalto-noise ratio 2<w?SNR<3. The "U" flag is given to sources detected with a flux signalto-noise ratio w?SNR<2, and hence the magnitude value is an upper limit on magnitude. The profile-fit magnitude w?mpro is a 95% confidence upper limit.
The "X" flag is given to sources whose profile-fit measurement was not possible at this location in this band. The "Z" flag is given to sources whose profile-fit flux measurment was made at this location but flux uncertainty could not be measured. The ph qual flag does not apply for sources whose 'gmag' has been presented. The histogram of photometric quality for our cross-matched sources is presented in Table B1 .
Multiband quality flag
The nature of the WISE data necessitates a complicated system to indicate the quality of magnitudes in the WISE catalogue. In this catalogue of compact radio sources, we present a simplified quality flag to assist in interpreting the data quality. The four numbers in the flag represent the quality in each WISE band from left to right representing bands 1 to 4 respectively. A flag value "0" means excellent detection in this band, with photometric quality flag (see below) of either A or B and cc flag (see below) of zero. A flag value of "1" indicates sources with upper limit photometry on this band (ph qual flag of "U", regardless of cc flag value). A flag value of "2" indicates that the magnitude in this band should be used with caution (ph qual value is either "A" or "B" but cc flag values is not zero). A flag value of "3" indicates bad photometry in the band and should not be used (ph qual is either "X" or "Z" regardless of cc flag value). Only one source (J155355-235841) in our catalogue has the flag value of X in W1 only and none have the value of Z.
Extended flag (ext flg)
The WISE catalogue provides an "extended flag" to signify that the source is extended in WISE bands. See the description for each category in the description for columns in Table 2 . We find that 88.6% of AT20G sources with WISE counterparts have an extended flag of 0 and are considered unresolved in WISE. 8.2% of sources have extended flags of 1, 2 or 3, and are suspected to be resolved or the source is found to be located within the isophotal extent of 2MASS extended source catalogue. 3.2% of sources of AT20G-WISE cross-matched sources that are compact in AT20G are expected to be extended in WISE.
APPENDIX C: SOURCES WITH EXTENDED STRUCTURES IN AT20G SURVEY
The AT20G catalogue identified 337 sources that were resolved in the ∼200 m baselines of the ATCA during follow-up observations. This corresponds to sources with sizes larger than ∼5 arseconds. 25 of these sources are part of our compact source sample (identifiable with a flag 'e' in column 10 of Table 2 ). These sources have extended structures at large scales in addition to the compact AGN core. The overall radio properties of these sources in the AT20G catalogue are a complicated combination of the compact component and the extended structure(s), and we have not attempted to separate the flux arising from the compact and the extended components using the 6-km visibility for this work. For two of these objects, the WISE counterparts were rejected as being blended, and 4 more are associated with 2MASS extended sources. Thus, the observed mid-infrared counterparts for these extended sources may also be due to be a combination of the central AGN and extended host structures.
APPENDIX D: CENTAURUS A
The very large scale extended components of the low redshift giant radio galaxy Centaurus A are resolved out in the long baselines of the ATCA at 20 GHz and they are sensitive to the compact core in the nucleus only. Hence, in the AT20G high-angular-resolution catalogue it has a 6-km visibility of 1.00, thus, it is selected as a compact source in our selection criteria.
The photometric magnitudes for Centaurus A (NGC 5128) were provided by T. Jarrett. Even though the AT20G high-angular-resolution catalogue is sensitive only to the central AGN of Centaurus A, we believe the WISE characteristics of the galaxy are appropriate for this catalogue and for further analyses.
APPENDIX E: THERMAL SOURCES AND INCORRECTLY IDENTIFIED SOURCE
A small number of sources occupy the region designated ultra luminous infrared galaxies (ULIRGs)/LINERS and ob- Table F1 . Table presents common names of a small number of AT20G compact sources whose updated WISE counterpart photometry, measured by T. Jarrett, are presented in Table 2. scured AGNs. Chhetri et al. (2015) have found that high Galactic latitude and extragalactic thermal sources in the local universe are also effectively identified on the upper right-hand side of this plot. They used the extended nature of these sources in Figure 1 and their mid-infrared colours to effectively identify thermal sources in the local universe. All known thermal sources identified in AT20G were removed from this analysis.
The technique presented in Chhetri et al. (2015) may be turned around to discriminate against incorrectly identified objects, as shown in the following section with the case of AT20G J012930-733311.
E0.1 Source J012930-733311 Murphy et al. (2010) identify source J012930-733311 as associated with the HII region IRAS 01283-7349 (NGC 602) in the Small Magellanic Cloud (SMC). A HII region with typical size ∼5 pc can be expected to subtend an angle of ∼17 arcsec at the distance of the SMC. The source is compact at 4500 m baselines of ATCA at 20 GHz (6-km visibility = 0.96 ±0.06), and also shows a visibility profile of an unresolved source at short baselines (< ∼ 300m) of ATCA. It exhibits a flat radio spectrum between 1 and 5 GHz. In the WISE colour-colour plot, the object is found to occupy the central region expected to be occupied by QSOs. The source has WISE extended flag of 0, corresponding to a unresolved source. Thus, based on radio spectra, mid-infrared colours and its unresolved nature in both radio and in WISE catalogue, we conclude that the radio source is a background AGN, with a chance alignment with the SMC region.
APPENDIX F: COMMON NAMES OF SELECT SOURCES
Common names of counterparts for select prominent AT20G sources, whose updated mid-infrared photometry are provided in Table 2 are presented in Table F1 . This paper has been typeset from a T E X/L A T E X file prepared by the author.
